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BELLCOMM.  INC.  
1100 Seventeenth Street, N.W. Washington, D.C. 20036 

SUBJECT: O p e r a t i o n a l  C o n s t r a i n t s  and  
Requi rements  A s s o c i a t e d  w i t h  
a 44--Hour Turnaround C a p a b i l i t y  
f o r  t h e  A p o l l o / S a t u r n  V - Case 3 2 0  

AB ST RAC T 

DATE: J u n e  28 , 1968 

FROM: G .  W .  Craft 
D .  M .  Duty 
C .  H .  E l e y  I11 
G .  J .  McPherson Jr. 

I n  r e p l y  t o  a r e c e n t  a c t i o n  i t e m  f rom t h e  Lunar  S i t e  
S e l e c t i o n  Board ,  K S C  has r e a s s e s s e d  t h e  A p o l l o / S a t u r n  V s c r u b -  
t u r n a r o u n d  o p e r a t i o n s  t o  i d e n t i f y  what r e d e s i g n  or m i s s i o n  
c o n s i d e r a t i o n s  would be r e q u i r e d  t o  a c h i e v e  a 44-hour c a p a b i l i t y .  

The p rob lem i n  r e d u c i n g  t h e  time r e q u i r e d  t o  t u r n -  
a r o u n d  (or r e c y c l e )  f rom t h e  c u r r e n t  t h r e e  day  c a p a b i l i t y  t o  
two days  i s  p r i m a r i l y  a s s o c i a t e d  w i t h  r e p l e n i s h i n g  CSM/LM 
c r y o g e n i c s .  Under t h e  p r e s e n t  s y s t e m  d e s i g n ,  some s i g n i f i c a n t  
r e d u c t i o n s  c o u l d  be  made i f  t h e  C S M  and LM c ryogen  s e r v i c i n g  
o p e r a t i o n s  were p e r f o r m e d  i n  p a r a l l e l .  However, p a r a l l e l  s e r v i c i n g  
i s  c o n t r a r y  t o  p r e s e n t  K S C  s a f e t y  p o l i c y  s i n c e  pad p e r s o n n e l  would 
be  exposed  t o  a h i g h e r  l e v e l  o f  h a z a r d  d u r i n g  t h e  o p e r a t i o n s .  
An a l t e r n a t i v e  would be t o  move t h e  CSM and LM c ryogen  s e r v i c i n g  
f rom t h e  MSS, where i t  i s  p r e s e n t l y  p e r f o r m e d ,  t o  t h e  LUT. 
U n f o r t u n a t e l y ,  t h e  r e q u i s i t e  r e d e s i g n  i n v o l v e d  would b e  e x p e n s i v e  
and  t i m e  consuming t o  implement .  

It i s  r e c o g n i z e d  t h a t  as t h e  program p r o g r e s s e s  and 
e x p e r i e n c e  i s  g a i n e d ,  many e f f i c i e n c i e s  may b e  i n t r o d u c e d  which 
w i l l  r e d u c e  t h e  t i m e  r e q u i r e d  t o  r e c y c l e  t h e  v e h i c l e .  However, 
i t  a p p e a r s  t h a t  a r e a l i s t i c  44-hour c a p a b i l i t y  w i l l  n o t  b e  
p o s s i b l e  u n d e r  t h e  p r e s e n t  s y s t e m  d e s i g n  i f  r e s e r v i c i n g  s p a c e -  
c r a f t  consumables  i s  r e q u i r e d .  
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BELLCOMM. INC. 
1100 Seventeenth Street, N.W. Washington, D.C. 20036 

SUBJECT: O p e r a t i o n a l  C o n s t r a i n t s  and 
Requ i remen t s  A s s o c i a t e d  
w i t h  a 44-Hour Turnaround 
C a p a b i l i t y  f o r  t h e  Apol lo /  
S a t u r n  V - Case 320 

MEMORANDUM FOR FILE 

1. I N T R O D U C T I O N  

DATE: J u n e  2 8 ,  1 9 6 8  

FROM: G .  W. Craft  
D .  M .  Duty 
C .  H .  E l e y  I11 
G .  J .  McPherson Jr. 

The t i m e  r e q u i r e d  t o  r e c y c l e  an  A p o l l o / S a t u r n  V 
f o l l o w i n g  a s c r u b  i n  o r d e r  t o  a t t e m p t  a l a u n c h  i n  a second  
window has been  o f  c o n s i d e r a b l e  i m p o r t a n c e  i n  f o r m u l a t i n g  
l u n a r  m i s s i o n  p l a n n i n g .  Launch O p e r a t i o n s  a t  K S C  has r e c e n t l y  
a s s e s s e d  t h e i r  c a p a b i l i t y  i n  t h i s  regard,  and based on s t u d y  
and p r e v i o u s  e x p e r i e n c e  has d e t e r m i n e d  t h a t  a p p r o x i m a t e l y  
t h ree  days  ( $ 6 4  h o u r s )  w i l l  b e  r e q u i r e d  i f  a s c r u b  o c c u r s  
a f t e r  t h e  l a u n c h  v e h i c l e  c r y o g e n i c s  a re  l o a d e d .  

An a c t i o n  i t e m  g e n e r a t e d  a t  a r e c e n t  m e e t i n g  o f  t h e  
Lunar  S i t e  S e l e c t i o n  Board ( R e f e r e n c e  1) r e q u e s t e d  t h a t  KSC 
reassess t h e i r  s c r u b - t u r n a r o u n d  c a p a b i l i t y  and i d e n t i f y  what 
r e d e s i g n  or m i s s i o n  c o n s i d e r a t i o n s  would b e  r e q u i r e d  t o  
a c h i e v e  a 44-hour ( 2  d a y )  r e c y c l e  c a p a b i l i t y .  The i n t e r i m  
r e s p o n s e  from KSC i s  a t t a c h e d  as Appendix I .  The r e p l y  i n d i -  
c a t e s  b r i e f l y  t h a t  t h e  l i f e t i m e s  of  t h e  LM S u p e r c r i t i c a l  
Helium (SHe) and S e r v i c e  Module f u e l  c e l l  consumables  d i r e c t l y  
i m p a c t s  o u r  a b i l i t y  t o  s h o r t e n  t h e  v e h i c l e  t u r n a r o u n d  t i m e  t o  
any g rea t  degree.  The a u t h o r s  who a l s o  p a r t i c i p a t e d  i n  t h e  
KSC s t u d y  e f f o r t  are  p r e s e n t i n g  i n  t h i s  p a p e r  some background 
i n f o r m a t i o n  based p a r t l y  on work done by K S C  and p a r t l y  on 
a n  i n d e p e n d e n t  l o o k  a t  t h e  o p e r a t i o n a l  c o n s t r a i n t s  and 
r e q u i r e m e n t s  a s s o c i a t e d  w i t h  a 44-hour t u r n a r o u n d  c a p a b i l i t y .  

2 .  REQUISITES FOR A 44-HOUR TURNAROUND CAPABILITY 

Appendix I i n d i c a t e s  t h e  f o l l o w i n g  c o n d i t i o n s  a re  
r e q u i r e d  t o  r e d u c e  t h e  SV t u r n a r o u n d  c a p a b i l i t y  t o  4 4  h o u r s  
o r  l e s s :  

a .  Move t h e  CSM and LM c r y o g e n i c  s e r v i c i n g  
c a p a b i l i t y  f rom t h e  MSS t o  t h e  Mobile  
Launcher  o r  e x t e n d  t h e  u s a b l e  l i f e t i m e s .  
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b .  S i m p l i f i c a t i o n  o f  s p a c e c r a f t  c r y o g e n i c  
s e r v i c i n g  s y s t e m s .  

e .  Implement a c a p a b i l i t y  t o  s e r v i c e  SM and LM 
c r y o g e n i c s  i n  p a r a l l e l ,  assuming t h e  s a f e t y  
c o n s i d e r a t i o n s  a r e  a c c e p t a b l e .  

d .  Reduce or e l i m i n a t e  e n t r y  i n t o  t h e  l a u n c h  
v e h i c l e  t o  p r e c l u d e  d i s c o n n e c t / r e c o n n e c t  
o f  D i s p e r s i o n  System S&A b l o c k s  and t h e  
r e s u l t a n t  s e r i a l  w o r k  e f f o r t  i n v o l v i n g  
t h e  MSS p l a t f o r m s .  

e .  Improve a c c e s s  t o  t h e  SLA/ IU area and a 
r e d u c t i o n  i n  t h e  t a s k s  t o  be  pe r fo rmed  i n  
t h i s  c o n g e s t e d  a r e a .  

3 .  COMMENTS 

A s c r u b - t u r n a r o u n d  o p e r a t i o n  i s  b a s i c a l l y  p e r f o r x e d  
i n  t h r e e  s e p a r a t e  phases.  

a .  Backout  Phase  - o p e r a t i o n s  pe r fo rmed  which s a f e  t h e  
v e h i c l e  and e s t a b l i s h  a c c e s s  (remove crew,  d e t a n k  
LV, r e t u r n  MSS, e t c . )  

b .  Reservice/Reverification Phase  - r e s e r v i c i n g  and re-  
t e s t i n g  o p e r a t i o n s  t o  p r e p a r e  t h e  v e h i c l e  for t h e  
l a u n c h  countdown ( r e p l e n i s h  CSM/LM consumables ,  
P . U .  c a l i b r a t i o n s ,  e t c . )  

e .  Launch Countdown Phase - e s s e n t i a l l y  a r e p e a t  
o f  t h e  i n i t i a l  l aunch  countdown (remove MSS, 
l o a d  LV c r y o s ,  crew i n g r e s s ,  e t c . )  

The problem i n  a c h i e v i n g  s i g n i f i c a n t  r e d u c t i o n s  i n  
t h e  s c r u b - t u r n a r o u n d  (or r e c y c l e )  t i m e  f o r  t h e  A p o l l o / S a t u r n  V 
i s  ma in ly  a s s o c i a t e d  w i t h  r e d u c i n g  t h e  t i m e  r e q u i r e d  t o  comple t e  
t h e  second p h a s e ,  ( b )  above.  A s  shown i n  t h e  f i g u r e  a t t a c h e d  
t o  Appendix I ,  r e s e r v i c i n g  t h e  CSM/LM c r y o g e n i c s  compr i se s  t h e  
c r i t i c a l  p a t h  of  o p e r a t i o n s  i n  t h T s  phase.  

It s h o u l d  b e  s t a t e d  a t  t h e  o u t s e t  t h a t  under  t h e  
p r e s e n t  s y s t e m  d e s i g n ,  and w i t h  some changes  t o  b a s i c  s a f e t y  
p o l i c y ,  t h e  p r e s e n t  t u r n a r o u n d  c a p a b i l i t y  c o u l d  be  r e d u c e d  t o  
a p o i n t  c o n s i d e r a b l y  c l o s e r  t o  t h e  d e s i r e d m o u r s .  F i g u r e  
1 i s  a c o n j e c t u r a l  44-hour t u r n a r o u n d  f low which was d e v e l o p e d  
a t  KSC t o  show a p o s s i b l e  way o f  a c h i e v i n g  t h e  o b j e c t i v e .  
U n f o r t u n a t e l y ,  t h i s  f low i n v o l v e s  p a r a l l e l  s e r v i c i n g  o p e r a t i o n s  
w i t h  t h e  LM and  CSM c r y o g e n i c s ,  some th ing  which would expose  
pad  p e r s o n n e l  t o  a h i g h e r  l e v e l  o f  h a z a r d  d u r i n g  t h e  t i m e  
t h e s e  t a s k s  were b e i n g  accompl i shed .  Such p a r a l l e l  s e r v i c i n g  
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i s  a l s o  c o n t r a r y  t o  p r e s e n t  KSC s a f e t y  p o l i c y .  I n  a d d i t i o n ,  
some o f  t h e  t i m e - l i n e s  i n  F i g u r e  1 have  n o t  been  d e m o n s t r a t e d .  
The f i g u r e  has been  i n c l u d e d ,  however ,  f o r  r e f e r e n c e  p u r p o s e s  
and a l s o  t o  show t h a t  KSC i s  a c t i v e l y  p u r s u i n g  v a r i o u s  methods 
o f  a c h i e v i n g  a 44-hour t u r n a r o u n d  c a p a b i l i t y .  

From t h e  above d i s c u s s i o n ,  t h e  r e a s o n s  become c l e a r e r  
as t o  why t h e  m a j o r i t y  of r e q u i r e d  c o n d i t i o n s  l i s t e d  i n  S e c t i o n  
2 are c o n c e r n e d  w i t h  CSM/LM c ryogen  r e s e r v i c i n g .  F o r  a d d i t i o n a l  
background  i n f o r m a t i o n ,  a d e s c r i p t i o n  o f  t h e  o p e r a t i o n s  and 
c o n s t r a i n t s  a s s o c i a t e d  w i t h  2(a), 2 ( b )  and 2 ( c )  i s  p r e s e n t e d  i n  
Appendixes  I11 and I V .  An a n a l y s i s  o f  t h e  o p e r a t i o n s  and 
c o n s t r a i n t s  a s s o c i a t e d  w i t h  2 ( d )  and 2 ( e )  i s  c o n t a i n e d  i n  
Appendix 11. A d e s c r i p t i o n  o f  t h e  APS B ladde r  Bleed Requi rement  
i s  i n c l u d e d  i n  Appendix V as background i n f o r m a t i o n  on t h e  
q u e s t i o n  o f  " t h o s e  i tems which would impac t  a second  s c r u b -  
t u r n a r o u n d .  " 

It  i s  f e l t  t h a t  s o l u t i o n s  f o r  s e v e r a l  o f  t h e  c o n d i t i o n s  
l i s t e d  i n  Appendix I may be r e a d i l y  a v a i l a b l e .  O t h e r  s u g g e s t e d  
s o l u t i o n s ,  however ,  may b e  most d i f f i c u l t  t o  a c h i e v e .  F o r  i n s t a n c e ,  
Appendixes  I11 and I V  show t h a t  r e q u i s i t e  r e d e s i g n  t o  move t h e  
CSM and LM c r y o g e n i c  s e r v i c i n g  c a p a b i l i t y  f rom t h e  MSS t o  t h e  
Mobi le  Launcher  would p r o v e  b o t h  e x p e n s i v e  and  t i m e  consuming t o  
implement--something which i s  of  q u e s t i o n a b l e  f e a s i b i l i t y  a t  t h i s  
p o i n t  i n  t h e  A p o l l o  program.  (However,  some o f  t h e  a l t e r n a t i v e s  
to s u c h  r e d e s i g n  are  a l s o  d i s c u s s e d  i n  t h o s e  Appendixes .  ) *  

It i s  r e c o g n i z e d  t h a t  as t h e  program p r o g r e s s e s  and 
e x p e r i e n c e  i s  g a i n e d ,  many e f f i c i e n c i e s  may b e  i n t r o d u c e d  
which  c o u l d  r e d u c e  t h e  p r e s e n t  t u r n a r o u n d  f i g u r e .  T h i s  does  
n o t  s u g g e s t  t h a t  improvements b y  r e d e s i g n  s h o u l d  be  abandoned,  
however ,  b u t  r a the r  t h o s e  which e n g i n e e r i n g  a n a l y s i s  i n d i c a t e  
can  b e  most p r o d u c t i v e l y  a p p l i e d  s h o u l d  b e  a d o p t e d .  C e r t a i n l y  
compromises w i t h  s a f e t y  cou ld  a l s o  b e  a c c e p t e d ,  b u t  o n l y  a f t e r  a 
f u l l  u n d e r s t a n d i n g  o f  t h e  r i s k s  

GWC 
DMD 

2 0 3 2 - CHE- gmp 
G J M  

A t t achmen t s  
Appendixes  I - V  
F i g u r e s  1-5 

*Also  D i s c u s s e d  i n  R e f e r e n c e s  2 ,  3 ,  4 and  6 .  
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Memorandum d a t e d  March 1 9 ,  1968 ,  by G. W. Craf t .  

6 .  Bellcomm Memorandum ( D r a f t )  : " P a r a l l e l  O p e r a t i o n s  as 
a means o f  Reducing t h e  T i m e  r e q u i r e d  f o r  Launch 
V e h i c l e  Cryogen ics  Loading ."  Case 320,  b y  G .  W. C r a f t .  
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JOHN F. KENNEDY SPACE CENTER, NASA 
KENNEDY SPACE CENTER, FLORIDA 32899 

';q i 1 T:'r ., 
IN REPLY REFER TO AP-OPN-2 

TO : Manned Spacecraft Center 
Attent ion:  Manager, Apol l o  Spacecraft Program, PA 

FROM : Apollo Program Manager 

SUBJECT : Lunar S i t e  Select ion Board Action I t e m s  

REFERENCE: (a) Memorandum from MA/Apollo Program Di rec tor  t o  D is t r ibu t ion ,  
dated May 6, 1968, Subject: Minutes o f  the Apollo S i t e  
Select ion Board Meeting o f  March 26, 1968 

Attached i s  a copy of the repor t  from the Manager, Test Planning Of f i ce  
LO-OPN, i n  answer t o  act ion items s i x  and seven o f  the March 26, 1968, 
Lunar S i t e  Select ion Board Meeting (See Reference (a). 

As you w i l l  note, the studies o f  the l i f e t i m e  o f  SHe and f u e l  c e l l  con- 
sumables d i r e c t l y  impact our a b i l i t y  t o  shorten the turn-around times. We 
hope t o  be able t o  complete these studies by June 15; 1968. 

R. 0. Middleton 
,Rear Admiral, U. S. Navy 

Enclosure: (1)  Lunar S i t e  Selection Board Act ion Items 

cc: 
Apol l o  Program Director,  MA 
Manager, Saturn V Program Off ice,  I-V-MGR 
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APPENDIX I1 

MSS RETURN/REMOVAL TO SUPPORT A 4 4 - H O U R  
SCRUB TURNAROUIJD 

The Mobi le  S e r v i c e  S t r u c t u r e  (MSS) s i g n i f i c a n t l y  
i n f l u e n c e s  KSC's a b i l i t y  t o  accompl i sh  a l u n a r - m i s s i o n  s c r u b  
t u r n a r o u n d  w i t h i n  4 4  h o u r s .  T h i s  i s  a t t r i b u t a b l e  t o  two 
f a c t o r s :  (1) E s t a b l i s h i n g  a c c e s s  t o  t h e  s p a c e c r a f t  w i t h  t h e  
Pv'ISS s e r v i c i n g  p l a t f o r m s  ( l e v e l s  3 and 4 )  which a re  r e q u i s i t e  
f o r  i l " 4  arid SM c r y o g e n i c s  r e - s e r v i c i n g  o p e r a t i o n s  , and 
( 2 )  These  same p l a t f o r m s  must a l s o  b e  "broken-up" b e f o r e  t h e  
MSS can  b e  t r a n s f e r r e d  t o  i t s  p a r k - s i t e  a t  t h e  comple t ion  o f  
SC c r y o g e n i c  s e r v i c i n g .  I n  o r d e r  t o  a l l o w  a d e q u a t e  time f o r  
SC c r y o g e n i c  s e r v i c i n g  o p e r a t i o n s ,  t h e  f o l l o w i n g  two assump- 
t i o n s  r e g a r d i n g  t h e  a f o r e m e n t i o n e d  f a c t o r s  must b e  made i n  
f o r m u l a t i n g  t h e  44-hour t u r n a r o u n d  p l a n ,  shown i n  F i g u r e  1. 

a .  The MSS can  b e  r e t u r n e d  t o  t h e  l aunch  pad ,  s e r v i c i n g  
p l a t f o r m s  3 and 4 c l o s e d ,  and  SC a c c e s s  made a v a i l -  
ab l e  w i t h i n  11 hours  f o l l o w i n g  t h e  d e c i s i o n  t o  s c r u b .  

b .  All s c r u b - t u r n a r o u n d  a c t i v i t i e s  s u b s e q u e n t  t o  com- 
p l e t i o n  of  t h e  SC c r y o g e n i c  s e r v i c i n g  o p e r a t i o n s ,  
i n c l u d i n g  MSS p l a t f o r m  b r e a k u p ,  can  b e  accompl i shed  
i n  1 2  1 / 2  h o u r s .  

U n f o r t u n a t e l y ,  b o t h  a s s u m p t i o n s  a r e  n o t  c u r r e n t l y  
f e a s i b l e  based on p r e v i o u s l y  a c c e p t e d  MSS t i m e l i n e s .  Ref- 
e r e n c e  2 examined t h e  MSS o p e r a t i o n s  i n  d e t a i l  and p r o v i d e s  
some i n s i g h t  i n  p o s s i b l y  a c h i e v i n g  t h e  above a s s u m p t i o n s .  
B r i e f l y ,  t h e  s t u d y  recommended r e t u r n i n g  t h e  MSS to t h e  pad 
p r i o r  to LV S&A o p e r a t i o n s .  B a s i c a l l y ,  t h i s  mode of  o p e r a t i o n  
a l l o w s  MSS movement and emplacement a t  t h e  l a u n c h  pad to o c c u r  
d u r i n g  LV c r y o g e n i c  un load  and a c c e s s  k i t  i n s t a l l a t i o n ,  r e s p e c -  
t i v e l y ;  MSS p l a t f o r m  3 would t h e n  b e  c l o s e d  and a c c e s s i b l e  by 
s c r u b  p l u s  9 h o u r s ,  c l e a r e d  f o r  S & A  o p e r a t i o n s  between s c r u b  
p l u s  1 0  1 / 2  and s c r u b  p l u s  11 h o u r s ,  and a g a i n  a v a i l a b l e  f o r  
a c c e s s  a t  s c r u b  p l u s  11 h o u r s .  T h i s  would n o t  on ly  s a t i s f y  
a s s u m p t i o n  ( a ) ,  b u t  would p r o b a b l y  a l l o w  e l i m i n a t i o n  o f  some 
a d d i t i o n a l  s e r i a l  t i m e .  The cor ,cept  i s  c u r r e n t l y  b e i n g  con- 
s i d e r e d  by KSC. 

The second  assumpt ion  ( b )  c o n c e r n i n g  MSS breakup  , 
MSS t r a n s f e r ,  and  l a u n c h  countdown a l l  w i t h i n  1 2  1 / 2  h o u r s  
r e m a i n s  u n f e a s i b l e  based on p r e s e n t l y  approved  modus o p e r a n d i .  
To a l l o w  a d e q u a t e  t i m e  f o r  LV S&A c o n n e c t i o n ,  LV c r y o g e n i c  
l o a d i n g ,  and  f l i g h t  crew i n g r e s s / c l o s e o u t  a c t i v i t i e s  ( u n d e r  
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the  1 2  1 / 2  h o u r  a s s u m p t i o n ) ,  t h e  MSS would be  r e q u i r e d  t o  com- 
mence its h o r i z o n t a l  movement away from t h e  l a u n c h  pad b y  T-11 
h o u r s .  T h i s  would t h e n  l e a v e  o n l y  1 1 / 2  h o u r s  t o  p e r f o r m  p l a t -  
form b r e a k u p  ( l e v e l s  3 and 4), damper d i s c o n n e c t ,  and MSS j a c k -  
i n g .  These o p e r a t i o n s  c u r r e n t l y  r e q u i r e  t h r e e  h o u r s  o f  s e r i a l  
work ,  a l l  o f  which  c a n n o t  commence u n t i l  SC c r y o g e n i c  GSE re- 
moval h a s  b e e n  s u f f i c i e n t l y  comple ted  to a s s u r e  s u p p o r t  pe r son-  
n e l  t h a t  t h e i r  p l a t f o r m  breakup a c t i v i t i e s  w i l l  n o t  b e  h i n d e r e d .  

POSSIBLE DEVELOPMENTS 

KSC i s  c u r r e n t l y  c o n s i d e r i n g  two changes  which c o u l d  
e l i m i n a t e  p a r t i a l l y  or t o t a l l y  t h e  1 1/2 h o u r  d e f i c i e n c y  d i s -  
c u s s e d  i n  t h e  p r i o r  p a r a g r a p h .  The f i r s t  change  i s  conce rned  
w i t h  a m o d i f i c a t i o n  to t h e  MSS s e r v i c i n g  p l a t f o r m s .  C u r r e n t l y ,  
p l a t f o r m s  3 and  4 ( a l s o  1 and 2 )  are  compr i sed  of  s l i d i n g  annu- 
l u s  segments  which  r i d e  on t h e  t o p  o f  t h e  main p l a t f o r m  s t r u c t u r e  
and e x t e n d  a p p r o x i m a t e l y  2 t o  5 f e e t  ( v a r i e s  f rom p l a t f o r m  t o  
p l a t f o r m ) .  The a n n u l i  are manual ly  e x t e n d e d / r e t r a c t e d  and con- 
t a i n  f l i p - u p  e x t e n s i o n s  a t  t h e i r  p e r i p h e r y .  The p r o p o s e d  modi- 
f i c a t i o n  would e l i m i n a t e  t h e  a n n u l u s  r i n g s  b y  e x t e n d i n g  t h e  
r i g i d  p l a t f o r m  s t r u c t u r e  o u t  t oward  t h e  SV and implement  ex- 
t e n d a b l e  ( 6 - 8  i n c h e s )  f l i p - u p  segmen t s  a t  i t s  p e r i p h e r y .  Based 
on r e c e n t  a n a l y s i s  o f  SV p r o f i l e s  and  t h e  c l e a r a n c e  r e q u i r e d  
d u r i n g  MSS emplacemen t / j ack ing ,  t h e  e x t e n d a b l e  s l i p - u p  seg -  
men t s  would p r o v i d e  t h e  n e c e s s a r y  c l e a r a n c e s .  The m o d i f i c a t i o n  
of  p l a t f o r m  3 has a l ready  been approved  ( c a t e g o r y  111) and 
funded  as a p i l o t  e f f o r t ,  b u t  h a s  n o t  y e t  b e e n  s c h e d u l e d .  

The s e c o n d  change  p r o p o s a l  i s  conce rned  w i t h  t h e  mode 
of  o p e r a t i o n  p r e s e n t l y  employed  f o r  c o n n e c t i o n  o f  t h e  S&A de-  
v i c e s .  I t  h a s  b e e n  s u g g e s t e d  b y  LVO t h a t  c o n s i d e r a t i o n  b e  
g i v e n  t o  c o n n e c t i n g  t h e  S&A d e v i c e s  p r i o r  t o  c o m p l e t i o n  o f  MSS 
b r e a k u p .  Al though maximum b e n e f i t  f rom t h i s  a p p r o a c h  would b e  
r e a l i z e d  o n l y  if p e r s o n n e l  on t h e  MSS were a l l o w e d  t o  c o n t i n u e  
b r e a k u p  f u n c t i o n s  c o n c u r r e n t l y  , s i g n i f i c a n t  b e n e f i t  would a l s o  
b e  a v a i l a b l e  r ega rd le s s  of t h e  c l e a r a n c e  r e q u i r e m e n t s .  An 
o p e r a t i o n a l  p o s i t i o n  c a l l i n g  f o r  c o n c u r r e n t  MSS breakup/SV 
c l o s e o u t  h a s  b e e n  p r e s e n t e d  t o  KSC S a f e t y  and t e n t a t i v e l y  
agreed upon.  

A c o m b i n a t i o n  of t h e  p l a t f o r m  m o d i f i c a t i o n ,  modi- 
f i e d  S&A modus o p e r a n d i ,  and/or  some a d d i t i o n a l  s e r i a l  t i m e  
s a v i n g s  ( m e n t i o n e d  p r e v i o u s l y )  d u r i n g  MSS r e t u r n  would most  
l i k e l y  i n s u r e  s a t i s f a c t i o n  o f  a s s u m p t i o n  ( b ) .  
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APPENDIX I11 

(LIV! SHe S e r v i c i n g )  

I .  I N T R O D U C T I O N  

A ma jo r  c o n s i d e r a t i o n  f o r  a c c o m p l i s h i n g  a l u n a r  m i s -  
s i o n  44 hour s c r u b  t u r n a r o u n d  i s  t h e  r e - s e r v i c i n g  of  t h e  LM 
s u p e r c r i t i c a l  h e l i u m  (SHe) s y s t e m .  Due t o  i t s  p r e s e n t  l i m i t e d  
s t o r a g e  l i f e  c a p a b i l i t y  and m i s s i o n  r e q u i r e m e n t s ,  s e r v i c i n g  o f  
t h i s  s:ystem i s  a m i s s i o n  r e q u i r e m e n t  d u r i n g  s c r u b  t u r n a r o u n d  
o p e r a t i o n s  ( s e e  R e f e r e n c e  3 ) .  T h i s  append ix  r ev iews  t h e  s e r -  
v i c i n g  Ground S u p p o r t  Equipment (GSE), t h e  s e r v i c i n g  o p e r a t i o n s ,  
and  some of t h e  c o n s i d e r a t i o n s  f o r  a c c o m p l i s h i n g  t h i s  t a s k  
w i t h i n  t h e  a l l o t t e d  t i m e  i n  a 44 h o u r  t u r n a r o u n d .  

11. G R O U N D  SUPPORT EQUIPMENT (GSE) 

There  are  f o u r  major  u n i t s  o f  GSE r e q u i r e d  t o  f i l l  
and  p r e s s u r i z e  t h e  SHe t a n k :  

'LHe S t o r a g e  and T r a n s f e r  Dewar 

' F l u i d  D i s t r i b u t i o n  Subassembly (FDS) 

'Remote C o n t r o l  Subassembly (RCS) . 
' C o n d i t i o n i n g  U n i t  Subassembly (CUS) 

A b l o c k  diagram and a s c h e m a t i c  o f  t h e s e  i t ems  and 
t h e i r  i n t e r f a c e s  a r e  shown i n  F i g u r e s  2 and  3 ,  r e s p e c t i v e l y .  

The LHe Dewar p r o v i d e s  l i q u i d  h e l i u m  t o  i n i t i a l l y  
f i l l  t h e  s p a c e c r a f t  t a n k  and t h e  CUS. I t  h a s  a c a p a c i t y  of  
670 l i t e r s  of LHe.  T h i s  u n i t  i s  p o r t a b l e  and  i s  l o c a t e d  on 
t h e  l e v e l  3 p l a t f o r m  of  t h e  MSS. 

The FDS c o n t r o l s  t h e  f l o w  of  LHe or G H e  i n t o  and 
o u t  o f  t h e  t a n k .  I t  c o n s i s t s  of  v a l v e  assembl ies ,  l i n e s ,  
t e m p e r a t u r e  and p r e s s u r e  s e n s o r s ,  p u r g e  and  p r e s s u r i z a t i o n  
c o n t r o l s ,  and a l i q u i d  s e n s o r  t a n k .  The e n t i r e  sys t em i s  
p o s i t i o n e d  i n  t h e  I U  above  t h e  S-IVB dome. 

The RCS i s  a l s o  a p o r t a b l e  u n i t  e l e c t r i c a l l y  con- 
n e c t e d  t o  t h e  o t h e r  SHe GSE u n i t s  f o r  c o n t r o l l i n g  v a l v e s ,  
p r e s s u r e  r e g u l a t o r s  and  flow c o n t r o l  components f rom d i s -  
t a n c e s  of  up t o  1 0 0 0  f e e t .  V i s u a l  r e a d o u t s  a r e  p r o v i d e d  
for v a l v e  p o s i t i o n s ,  l i q u i d  l e v e l s  and t e s t  p a r a m e t e r s .  The 
u n i t  i s  l o c a t e d  i n  t h e  pad base  a rea .  ACE-S/C i n t e r f a c e s  
w i t h  t h e  u n i t  f o r  r emote  l o a d i n g  and " t o p - o f f "  o p e r a t i o n s .  
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The C U S  i s  a sys tem o f  c r y o g e n i c  l i q u i d  v e s s e l s ,  h e a t  
e x c h a n g e r s ,  c o n t r o l  equipment and i n s t r u m e n t a t i o n  used  t o  re-  
f r i g e r a t e  incoming ambient  f a c i l i t y  G H e  t o  n e a r  LHe t e m p e r a t u r e s .  
T h i s  equ ipmen t ,  i n  c o n j u n c t i o n  w i t h  t h e  SHe Dewar, t h e  FDS, and 
t h e  R C S  p r e - c o o l s ,  f i l l s  and  toDs-o f f  t h e  SHe t a n k  by r emote  
c o n t r o l .  I t  i s  l o c a t e d  ( f i x e d )  on t h e  l e v e l  3 p l a t f o r m  o f  t h e  
YSS. 

111. SHe SYSTEM S E R V I C I N G  -- 
SHe s y s t e m  r e - s e r v i c i n g  d u r i n g  a s c r u b  t u r n a r o u n d  

o p e r a t i o n  i s  accompl i shed  i n  two p h a s e s :  

1. Vent 

2 .  F i l l  and Top-of f .  

Both p h a s e s  a r e  shown i n  e i t h e r  F i g u r e  1 or t h e  f i g u r e  
a t t a c h e d  t o  Appendix I .  The  f i r s t  phase  i s  r e q u i r e d  due t o  p r e s -  
s u r e  b u i l d u p  i n  t h e  t a n k  f o l l o w i n g  t h e  p r e v i o u s  m i s s i o n  s e r v i c -  
i n g  accompl i shed  d u r i n g  countdown. A f t e r  g a i n i n g  a c c e s s  to t h e  
SLA area ,  a v e n t i n g  h o s e  ( r e f e r r e d  t o  as - 2 1 )  i s  c o n n e c t e d  t o  
t h e  s t o r a g e  v e s s e l  a t  a t e s t  p o r t  and t h e  on-board h e l i u m  i s  
v e n t e d  t o  ambien t  a tmosphere  ( s e e  F i g u r e s  1, 2 and 3 ) .  Dur ing  
t h i s  p h a s e ,  t h e  s e r v i c i n g  GSE i s  c o n n e c t e d ,  a l e a k  check  p e r -  
formed,  and  sampl ing  and p u r g i n g  o p e r a t i o n s  a r e  comple t ed .  The 
LN2 and LHe p r e c o o l e r s  i n  t h e  C U S  a r e  a l s o  f i l l e d  d u r i n g  t h i s  

p h a s e .  

The SHe v e s s e l  f i l l  p h a s e  b e g i n s  w i t h  t r a n s f e r  o f  
LHe f rom t h e  S t o r a g e  and T r a n s f e r  Dewar a t  a p p r o x i m a t e l y  1 0  p s i g  
t h r o u g h  a vacuum j a c k e t e d  t r a n s f e r  h o s e .  Dur ing  t h i s  p r o c e s s ,  
t h e  SHe v e s s e l  v e n t  l i n e  i s  open  t o  ambient  s u r r o u n d i n g s  u n t i l  
a l i q u i d  o v e r f l o w  i n d i c a t i o n  i s  o b t a i n e d  a t  t h e  R C S .  

Af te r  l i q u i d  f i l l ,  t h e  v e n t  v a l v e  i s  c l o s e d  and t h e  
t a n k  i s  cha rged  w i t h  c o l d  (1O0R) G H e  t o  a p r e - d e t e r m i n e d  f i l l  
p r e s s u r e  c o r r e s p o n d i n g  t o  t h e  r e q u i r e d  h e l i u m  l o a d  f o r  t h e  m i s -  
s i o n .  The SHe v e s s e l  i s  p r e s s u r i z e d  t o  80-100 p s i a  p r o d u c i n g  
a fill d e n s i t y  Of  abou t  8 .25  l b / f t 3 .  T h i s  i s  r e f e r r e d  t o  as 
" t o p - o f f "  i n  F i g u r e  1. The c h a r g e  g a s  i s  f a c i l i t y  G H e  which 
i s  t e m p e r a t u r e  c o n d i t i o n e d  t o  t h e  r e q u i r e d  9-10°R b y  p a s s i n g  
i t  t h r o u g h  t h e  C U S .  

The " t o p - o f f "  o p e r a t i o n  adds mass and ene rgy  t o  t h e  
SHe s y s t e m .  The f i n a l  s t a t e  p o i n t  o f  p r e s s u r e / t e m p e r a t u r e  i s  
a f u n c t i o n  o f  t h e  l i q u i d  f i l l  s t a t e ,  f i l l  f r a c t i o n  b e f o r e  t o p -  
o f f ,  v e n t  p r e s s u r e  d u r i n g  LHe f i l l ,  c h a r g e  g a s  e n t h a l p y ,  and 
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t tit\ t ’ i  11:11 t a n k  p r e s s u r > e  a f t e r  top-off. I f  t h e  deli v c r - i  f,er:i-- 
p7er2t ~ i i ’ t ’  01’ t h e  c h a r q e  g a s  ( J u r i  n,q t o p - o f f  i s higkler t , l I a n  t h r :  
(l--lOc’Y ~ ~ c n l i i r e r n e n t  , t h e n  t h e  f i n a l  f i l l  d c n s i t y  wj 11 n o t  1,e 
l i i g l i  e ~ i o u p ’ i  t o  meet LM m i s s i o n  r e q u i r e m e n t s .  T h e r e f o r i . ,  the 
to!)-cff  pr.ocedure i s  extremel;r  imnortnnt s i n c e  , i f  en(] c o n -  
d i t i o n s  a r e  n o t  met ,  t h e  p r o c e s s  must  be r e p e a t e d  w i t 1 1  a 
cons idL>rab le  loss of  s e r i a l  t i m e .  

Af t e r  t o p - o f f ,  t h e  GSE i s  d i s c o n n e c t e d  and removed. 

I V .  SHe SYSTEM TURNAROUND CONSIDERATIONS 

The p r i m a r y  c o n s j d f > r a t i o n s  or t i m e   constraint^ aris- 
i n F  from SHe s e r v i c i n g  a r e  a s s o c i a t e d  w i t h  a c c e s s  t o  t h e  i U / E L A  
a r e a ,  GSE s e t - u p ,  and p a r a l l e l  o p e r a t i o n s .  The t a s k s  pe r fo rmed  
i n  r e - s e r v i c i n g  a re  as  f o l l o w s :  

O I n s t a l l  S-IVB a c c e s s  k i t s  and  SLA p l a t f o r m s  (XA-525) 
O L N  t h e r m a l  s h i e l d  removal  
‘ALSEP RTG r emova l  
O I n s t a l l  - 2 1  v e n t i n g  hose  
OGSE c o n n e c t i o n s ,  l e a k  c h e c k s ,  p u r g i n g ,  s ampl ing  
OVent SHe s t o r a g e  v e s s e l  
O C U S  s e r v i c i n g  (LN2/LHe) 

OSHe v e s s e l  f i l l  and  t o p - o f f  
OGSE remova l  
O I n s t a l l  ALSEP RTG 

OPlatfo;>m remova l  and IU/SLA c l o s e o u t  

E e w a r  s u b s  t i t u t  i o n  

P r e l i m i n a r y  p l a n s  i n d i c a t e  these  o p e r a t i o n s  c a n  b e  
a c c o m p l i s h e d  i n  a t ime  frame c o n s i s t e n t  w i t h  m e e t i n g  t h e  r e -  
q u i r e d  44 h o u r  s c r u b  t u r n a r o u n d .  It must b e  emphas ized  t h a t  
t h e  t i m e  l i n e s  for e8c.h of t hese  tasks  a re  s o f t  s i n c e  e x D e r i e n c e  
a t  LC-39 h a s  n o t - b e e n  a t t a i n e d .  There  a re  s t i l l  q u e s t i o n s  con- 
c e r n i n g  p a r a l l e l i n g  of c e r t a i n  t a s k s  where s p a c e  f o r  t h e  r e q u i r e d  
man- loading  may b e  a problem.  The e n t i r e  t i m e l i n e  w i l l  r e q u i r e  
p r e c i s e  p l a n n i n g  and e o - o r d i n a t i o n  of  t a s k s .  S u p p o r t  o n e r a t i o n s  
i n v o l v i n g  t h e  s t o r a g e  of  equ ipmen t ,  LUT o p e r a t i o n s  and  MSS re -  
l a t e d  tasks  a re  e x t r e m e l y  c r i t i c a l .  A s c r u b  t u r n a r o u n d  s i m u l a t i o n  
f o l l o w i n g  a CDDT e a r l y  i n  t h e  program would b e  v e r y  d e s i r a b l e  i f  
s c h e d u l e  and  o t h e r  c o n s i d e r a t i o n s  c o u l d  b e  s a t i s f i e d .  
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v .  omm CONSIDERATIONS 

The  p r e s e n t  4 4  hour  s c r u b  t u r n a r o u n d  p lann in i :  :;hewn 
i n  F i g u r e  1 i s  based on p a r a l l e l  SHe s e r v i c i n g  w i t h  CC!4 cr:/o- 
g e n i c  ( L H 2 / L 0 2 )  s e r v i c i n g .  T h i s  w i l l  r e q u i r e  s a f e t y  o f f i c e  
c o n c u r r e n c e  which i s  d o u b t f u l  due  t o  t h e  d a n g e r  o f  LH2/L02 
s p i l l a g e  and t h e  e x p l o s i v e  h a z a r d s  a s s o c i a t e d  w i t h  Li12 o n t o  
t h e  LP.1 s e r v i c i n g  a rea .  If t h i s  method o f  o p e r a t i o n  i s  n o t  
a c c e p t a b l e ,  a 44 h o u r  t u r n a r o u n d  c a n n o t  be a c c o m p l i s h e d  u n d e r  
p r e s e n t  c o n d i t i o n s .  T h e r e  a r e  two p o s s i b l e  a l t e r n a t i v e s :  

1. SHe s e r v i c i n g  from t h e  LUT 

2 .  SHe s t o r a g e  l i f e  c a p a b i l i t y  which would d e l e t e  
t h e  s e r v i c i n g  r e q u i r e m e n t .  

The problems a s s o c i a t e d  w i t h  i tem 1 have  a l r e a d y  b e e n  
examined b y  M S C  ( R e f e r e n c e  4 ) .  These  a r e  b a s i c a l l y :  

' F e a s i b i l i t y  o f  LHe t r a n s f e r  o v e r  l o n g e r  d i s t a n c e s  
'Two a d d i t i o n a l  C U S  u n i t s  r e q u i r e d  f o r  LUT a c t i v a t i o n  

a t  o v e r  $ 1 , 0 0 0 , 0 0 0  a p i e c e .  A l s o ,  t h e  C U S  u n i t s  a r e  
n o t  d e s i g n e d  f o r  t h e  l aunch  v i b r a t i o n  and flame 
impingement  env i ronmen t .  

'Lead t i m e  t o  a c t i v a t e  t h e  LUT s y s t e m  o f  a b o u t  one year .  

If  t h e  t i m e  r e q u i r e d  t o  r e s e r v i c e  t h e  LM SHe s y s t e m  
i s  t o  b e  r e d u c e d  by r e m o t e  o p e r a t i o n  f rom t h e  LUT, c o n n e c t i o n s  
f o r  s e r v i c i n g  would have  t o  b e  i n s t a l l e d  a t  t h e  SLA/GSE i n t e r -  
f a c e .  T h i s  would imply  f l i g h t  hardware m o d i f i c a t i o n s  w i t h  a 
r e s u l t a n t  weight  p e n a l t y ,  d e s i g n  and t e s t  program,  e t c .  A s  
n o t e d  e a r l i e r ,  t h e  t i m e  l i n e  f o r  s e r v i c i n g  o p e r a t i o n s  c o n s i s t s  
p r i m a r i l y  of IU/SLA a c c e s s  and GSE s e t - u p .  Thus ,  t h e  above  
r e q u i r e m e n t s  would have  t o  b e  m e t  i f  t h i s  t i m e  l i n e  i s  t o  b e  
r e d u c e d .  T h i s  does  n o t  a p p e a r  t o  b e  a n  a t t r a c t i v e  a l t e r n a t i v e .  

Item 2 has b e e n  d i s c u s s e d  i n  R e f e r e n c e  4 r e l a t i n g  t o  
SHe c a p a b i l i t y  and m i s s i o n  r e q u i r e m e n t s .  ' T h i s  s o l u t i o n  i s  a 
p o s s i b i l i t y  if m i s s i o n  r e q u i r e m e n t s  are  n o t  i n c r e a s e d  and t h e  
SHe s y s t e m  i s  u p r a t e d .  A s  shown i n  F i g u r e  1, however ,  u n l e s s  
t h e  CSM c r y o g e n i c  s e r v i c i n g  r e q u i r e m e n t  i s  d e l e t e d  or t h e  t i m e  
l i n e  i s  s i g n i f i c a n t l y  r educed  f o r  t h i s  o p e r a t i o n ,  t h e r e  i s  no 
a d v a n t a g e  ( t i m e  r e l a t e d )  t o  h o l d i n g  t h e  SHe s y s t e m  and  n o t  
r e - s e r v i c i n g .  
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APPENDIX I V  - 

SERVICE MODULE CRY0 S E R V I C I N G  

a .  The Requirement  f o r  SM Cryo Rep len i shmen t :  P r e -  
l i m i n a r y  P l a n n i n g  for t h e  Lunar M i s s i o n  Countdown i n d i c a t e s  
t h a t  LH2 and LOX p r e s s u r i z a t i o n  i n  t h e  SM t a n k s  f o r  t h e  f i r s t  
window o f  a l a u n c h  o p p o r t u n i t y  w i l l  b e  comple t ed  b y  abou t  
‘7-28 h o u r s .  From t h i s  p o i n t  onward, hea t  l eak  i n t o  t h e  
s u p e r c r i t i c a l  c ryogens  i n  space  o r  on t h e  ground w i l l  p roduce  
somewhere between . 4  and 1 . 0  pound /h r .  o f  water.  While t h e r e  
a r e  a l t e r n a t i v e s  t o  o p e r a t i n g  t h e  f u e l  c e l l s  t o  produce  water, 
t h e y  a r e  n o t  a c c e p t a b l e  s o l u t i o n s .  One a l t e r n a t i v e  would b e  
t o  a l l o w  p r e s s u r e  t o  b u i l d  up i n  t h e  v e s s e l s .  However, t h i s  
would p roduce  u n s a f e  s t ress  l e v e l s  and  open r e l i e f  v a l v e s  
which may n o t  c l o s e  a g a i n .  V e n t i n g  t h e  c r y o g e n s  o v e r b o a r d  
would o f  c o u r s e  a l s o  d e p l e t e  t h e  q u a n t i t y  a v a i l a b l e  f o r  t h e  
m i s s i o n . *  

I n  terms of  t h e  c r y o g e n s ,  t h e  wi thd rawa l  r a t e  
n e c e s s a r y  t o  h o l d  c o n s t a n t  p r e s s u r e s  unde r  t h e  i n f l u e n c e  o f  
heat  l e a k  must be  a b o u t  .176 l b  oxygen p e r  hour  p e r  t a n k ;  
f o r  hydrogen ,  i t  must be  about  .026  l b  p e r  hour  p e r  t a n k .  
The re  a r e  two t a n k s  o f  e a c h  r e a c t a n t  i n  t h e  l u n a r  m i s s i o n  
SM. To b e  c o n s e r v a t i v e  as  well  as to accommodate scme e r r o r  
i n  t h e  c h a r t s  from which t h e  da t a  has been  drawn,  l e t  u s  
d o u b l e  t h e  assumed h e a t  l eak  r a t e s  to a r r i v e  a t  a v e r a g e  l o s s  
r a t e s  f o r  t h e  s p a c e c r a f t  d u r i n g  ground o p e r a t i o n s  as f o l l o w s :  
0.70 l b / h r  oxygen and 0 . 1 0  l b / h r  hydgrogen .  

i n i t i a l  l o a d i n g  of t h e  SM w i l l  b e  640 l b  oxygen and 56 l b  
hydrogen .  

S p e c i f i e d  minimum u s a b l e  q u a n t i t i e s  o f  c ryogens  a t  

A t  t h e  end o f  t h e  f i r s t  l a u n c h  window, t h e n ,  i t  i s  
e x p e c t e d  t h a t  a minimum o f  617 .6  l b s  o f  oxygen and 5 2 . 8  l b s  
o f  hydrogen  s h o u l d  be a v a i l a b l e .  A t  t h e  end of  a second 
4-hour window o c c u r r i n g  48 hours l a t e r  ( w i t h o u t  c r y o  r e p l e n i s h -  
m e n t ) ,  584 l b s  of  oxygen and 48 l b s  o f  hydrogen  shou ld  s t i l l  

* T h i s  t o p i c  i s  cove red  more t h o r o u g h l y  i n  R e f e r e n c e  5.  
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b e  a v a i l a b l e  f o r  tlie m i s s i o n .  These  f i g u r e s  do n o t  a l l o w  
s p e c i f i c a l l y  for t h e  a d d i t i o n a l  amounts u s e d  when t h e  space -  
c r a f t  goes  on f u l l  i n t e r n a l  power; b u t  s i n c e  t h i s  would o c c u r  
l a t e  i n  t he  countdown, t h e  error i n t r o d u c e d  i s  n e g l i g i b l e .  

A t  t he  end o f  a d e s i g n  r e f e r e n c e  m i s s i o n  o f  :200 
h o u r s ,  a s p a c e c r a f t  l aunched  a f t e r  a 48 h o u r  d e l a y  w i t h  
u n r e p l e n i s h e d  c r y o g e n s  would s t i l l  have a b o u t  2 0 0  l b s  o f  i t s  
oxygen and 18 l b s  o f  i t s  hydrogen l e f t  a t  SM s e p a r a t i o n .  

A t  t h e  end  o f  a 235-hour m i s s i o n ,  p o s s i b l y  t h e  
l o n g e s t  t h a t  need  be p l anned  for by  assuming l e n g t h y  d e l a y s  
i n  t r a j e c t o r y  and i n  t h e  l u n a r  v i c i n i t y , *  t h e  s p a c e c r a f t  
would s t i l l  have r e m a i n i n g  abou t  125 l b s  o f  i t s  u s a b l e  
oxygen and 1 0  l b s  o f  i t s  u s a b l e  hydrogen .**  

The c o n d i t i o n s  o b t a i n i n g  a f t e r  v a r i o u s  l e n g t h s  
o f  r e c y c l e  or a f t e r  two r e c y c l e s  a r e  summarized i n  T a b l e  I .  

However, t h e r e  i s  a n  a d d i t i o n a l  r e q u i r e m e n t  f o r  
minimum C S M  c r y o g e n i c s  on-board a t  l a u n c h .  T h i s  a r i s e s  from 
t h e  s i n g l e  p o i n t  f a i l u r e  c r i t e r i o n .  I f  one o f  t h e  two LOX 
or LH2 t a n k s  were t o  be lost a t  t h e  f u r t h e s t  p o i n t  i n  t h e  

m i s s i o n ,  t h e  o t h e r  must s t i l l  c o n t a i n  enough t o  e n a b l e  crew 
s u r v i v a l  t h r o u g h  t h e  a b o r t  sequence  o r  normal  c o m p l e t i o n  
o f  t h e  m i s s i o n .  F o r  r e t u r n  from a p o i n t  i n  t h e  m i s s i o n  
where t h e  LM i s  on t h e  moon and a n  a s t r o n a u t  i n  t h e  m i d s t  
of an e x p l o r a t o r y  t r i p ,  a q u a n t i t y  a p p r o a c h i n g  2 0 0  pclunds o f  
oxygen i s  needed .  T h i s  f i g u r e  i n c l u d e s  a rough  summary o f  t h e  
power and m e t a b o l i c  r e q u i r e m e n t s ,  c a b i n  l e a k ,  water sys t em 
p u r g e  , w a s t e  management and plumbing l o s s e s .  F u r t h e r m o r e ,  f o r  
a l l  m i s s i o n  p l a n n i n g  a 10% margin on consumables  i s  g e n e r a l l y  
r e q u i r e d .  The r e s u l t i n g  f i g u r e  i s  t h e  e x c e s s  above normal  
m i s s i o n  r e q u i r e m e n t s  t h a t  m u s t  b e  on-board a t  l i f t o f f .  
A l t e r n a t e  a b o r t  modes c o u l d  of c o u r s e  a l t e r  t h i s  f i g u r e .  I n  
t h e  c a s e  o f  LH2,  a t a n k  loss a t  t h e  same p o i n t  migh t  w e l l  
r e s u l t  i n  a l o w e r  power l e v e l ,  d u r i n g  a n  e x t e n d e d  t r a n s - e a r t h  
phase .  The m a r g i n s  a r e  s i m i l a r l y  c l o s e .  

T h i s  q u i c k  l o o k  a n a l y s i s  t h e n  would seem t o  r u l e  o u t  
a two d a y  r e c y c l e  w i t h o u t  r e p l e n i s h m e n t  o f  t h e  SM c r y o g e n s .  The 
f o l l o w i n g  s e c t i o n s  assume t h a t  r e p l e n i s h m e n t  of  b o t h  LH2 and 
LOX I S  r e q u i r e d .  

*Design R e f e r e n c e  Miss ion  I1 A MSC R e p o r t  No. DM3/M-171/66 
30 Oc t .  1966. 

* * ( p e r  MPAD'3446 S ( I U )  4-5-68 - c u r v e s  a d j u s t e d  f o r  
c o n d i t i o n s  d e s c r i b e d  a b o v e ) .  
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b .  O p e r a t i o n s ,  c o n s t r a i n t s  and s e q u e n c i n g  t o  r e s e r v i c e  
LH, and LO, d u r i n g  a s c r u b - - t u r n a r o u n d  

R e s e r v i c i n g  SM c r y o c e n i c s  r e q u i r e s  t h a t  t h e  TJISS be  

S t o r a g e  U n i t s ,  Sl4--065 and S14-066, b e  i n s t a l l e d  2 
b r o u g h t  back  i n t o  p o s i t i o n  on t h e  l a u n c h  p a d  and  t h e  s e p a r a t e  
LO2 a n a  LI! 
on t h e  p a d  and c o n n e c t e d  t o  t h e  r e s p e c t i v e  T r a n s f e r  U n i t s ,  
S14-032 and S14-026, on t h e  MSS-22 f o o t  l e v e l .  Tube banks 
must a l s o  be  reconnecAued i n  t h i s  i n t e r v a l .  These o p e r a t i o n s  
can  be  accompl i shed  c o n c u r r e n t l y  w i t h  MSS emplacement and 
p r e p a r a t i o n  and w i t h  c o n n e c t i o n  o p e r a t i o n s  a t  t h e  s p a c e c r a f t .  

Somewhere i n  t h e  s c r u b  o p e r a t i o n ,  i t  w i l l  b e  neces -  
s a r y  t o  dump accumula t ed  f u e l  c e l l  water,  a manual o p e r a t i o n  
which  can  b e  h a n d l e d  by a s t r o n a u t s  or ground crew men;bers i n -  
s i d e  t h e  CM. T h i s  o p e r a t i o n  i s  n o t  p a r t i c u l a r l y  t i m e  c r i t i c a l ,  
b u t  i t  w i l l  p r o b a b l y  be  r e q u i r e d  a g a i n  b e f o r e  l i f t o f f  s i n c e ,  
for s u c n  r e l a t i v e l y  s h o r t  r e c y c l e  s e q u e n c e s  as 48 or 72 h o u r s ,  
t h e  f u e l  c e l l s  would n o t  be s h u t  down.* 

F i g u r e  4 r e p r e s e n t s  a p l a n  t h a t  has been  s t u d i e d  b y  
S C O  f o r  r e - s e r v i c i n g  f u e l  c e l l  c r y o g e n i c  i n  a minimum t i m e .  
One r e s e r v a t i o n ,  t h e  f i r s t  b a r  i n  t h e  f i g u r e  "connec t  s c u p p e r s  
and  c r y o  and g a s  l i n e s  t o  S/C" has n o t  b e e n  d e m o n s t r a t e d  c a p a b l e  
o f  b e i n g  done i n  e i g h t  h o u r s .  SCO a p p e a r s  t o  have  c o n f i d e n c e  i n  
t h e  real ism o f  t h e  r e s t  o f  t h e  i n d i c a t e d  t imes ,  however .  The 
c l o s e  o f  t h e  sequence  p e r m i t s  p l a t f o r m  #4 t o  b e  withdrawn and 
t h e  MSS t o  b e  removed f rom t h e  l a u n c h  p a d ,  as i n d i c a t e d  e l a p s e d  
t i m e  o f  2 2  1 /2  hours. 

*Coo l i cg  r e q u i r e s  about  26 h o u r s ;  w a r m  up and c o n d i t i o n i n g  
r e q u i r e  abou t  f o u r  h o u r s ;  t h e  f u e l  c e l l s  would have  t o  be on 
l i n e  b y  abou t  T-17 h o u r s .  Most of  t h i s  t i m e  must b e  d e d u c t e d  
f rom c o n t r a c t  l i f e .  

C o n t r a c t  l i f e  o f  a f u e l  c e l l ,  which may b e  a con- 
s i d e r a t i o n  i f  more t h a n  one r e c y c l e  i s  r e q u i r e d ,  i s  p r e s e n t l y  
400 h o u r s .  Expec ted  r e q u i r e m e n t s  f o r  a f i rs t  window l a u n c h  would 
b e :  

A l t i t u d e  chamber t e s t  48 h o u r s  
iu'ominal countdown p l u s  window %40 
Maximum m i s s i o n  (assumed) 235 

323 h o u r s  

C o n t r a c t  also r e q u i r e s  t w e l v e  s t a r t s  @ 2 5  h o u r s / s t a r t - - S i x  
of these  s t a r t s  can  b e  added t o  t h e  400 h o u r s  t o  make 550 hours - -  
c o n t r a c t u a l l y .  P r a t t  & Whitney has o p e r a t e d  one o f  these  c e l l s  
f o r  as l o n g  as 1800 h o u r s .  



B E L L C O M M .  I N C .  - A I V - 4 -  

e .  C o n c u r r e n t  O p e r a t i o n s  

The m a j o r  o p e r a t i o n  which  may be  r e q u i r e d  t o  be con- 
d u c t e d  c o n c u r r e n t l y  w i t h  c r y o g e n i c s  r e - s e r v i c i n g  i s  t h e  s u D e r -  
c r i t i c a l  h e l i u m  r e - s e r v i c i n g  of  t h e  LM d e s c e n t  s t a g e .  
o D e r a t i o n  i s  c o n d u c t e d  main ly  from MSS p l a t f o r m  # 3  J u s t  below 
p l a t f o r m  # 4 .  
a mat ter  o f  s a f e t y .  

T h a t  

C o n s t r a i n t s  be tween these  o p e r a t i o n s  a r e  p r i m a r i l y  

d .  S a f e t y  C o n s i d e r a t i o n s  

Somehow, t h e  s a fe ty  h a z a r d s  and n e a r  i m p o s s i b i l i t y  
o f  p e r f o r m i n g  work a round  l a r g e  v e h i c l e  t a n k s  f i l l e d  w i t h  
b o i l i n g ,  u l t r a c o l d  c r y o g e n i c  p r o p e l l a n t s  i s  obv ious  enough.  
D r a i n i n g  LV c r y o g e n i c s  p r i o r  t o  t h e  MSS r e t u r n  i s  a n  i n i t i a l  
r e q u i r e m e n t  f o l l o w i n g  a s c r u b  which  may i n v o l v e  p e r s o n n e l  d o i n g  
any s i g n i f i c a n t  amount o f  work on t h e  s p a c e  v e h i c l e .  Re - se rv ic -  
i n g  t h e  LV c r y o g e n i c s  a f t e r  o t h e r  o p e r a t i o n s  have  b e e n  comple t ed  
must  s i m i l a r l y  await MSS removal  -- 850 f e e t  of  s e p a r a t i o n  i s  
g e n e r a l l y  t a k e n  as t h e  p o i n t  where LOX l o a d i n g  can  b e g i n .  

Dur ing  a s c r u b  t u r n a r o u n d  o p e r a t i o n  o f  o n l y  a f e w  
d a y s  d u r a t i o n ,  h y p e r g o l i c s  and h e l i u m  s p h e r e s  need n o t  b e  r e -  
s e r v i c e d  e x c e p t  p o s s i b l y  f o r  a n e e d  t o  b l e e d  accumula t ed  b u b b l e s  
i n  t h e  S-IVB/APS s y s t e m s  ( s e e  Appendix V). T h i s  means t h a t  p e r -  
s o n n e l  work ing  n e a r b y  a re  exposed  t o  r e l a t i v e l y  l a r g e  q u a n t i t i e s  
o f  t h e s e  h a z a r d o u s  f l u i d s ,  some p r e s s u r i z e d  above 50% d e s i g n  
b u r s t  . 

S t a t i c  c o n d i t i o n s  o f  t h i s  n a t u r e  a r e  c u r r e n t l y  con- 
s i d e r e d  a c c e p t a b l e  f o r  s p e c i f i c a l l y  approved  l i m i t e d  a c c e s s  
by KSC S a f e t y .  It s h o u l d  be  k e p t  i n  mind,  n e v e r t h e l e s s ,  t h a t  
r u p t u r e  of  any o f  t h e s e  v e s s e l s ,  small  or l a r g e ,  w i l l  most 
l i k e l y  r e s u l t  i n  a c h a i n  r e a c t i o n  t h a t  would g r e a t l y  e n d a n g e r  
a l l  p e r s o n n e l  w i t h i n  t h e  pad  p e r i m e t e r .  

Dur ing  SM c r y o g e n i c  s e r v i c i n g ,  o n l y  p e r s o n n e l  d i r e c t l y  
i n v o l v e d  i n  t h e  s p e c i f i c  o p e r a t i o n  are  n o r m a l l y  p e r m i t t e d  i n  t h e  
pad  a rea .  D i sc re t e  h a z a r d s  i n t e r v a l s  shown i n  F i g u r e  4 i n c l u d e  
LH2 Top-o f f ,  LO2 Top-Off and p r e s s u r i z a t i o n .  
i s  u s e d  f o r  LH2 t o p - o f f  t h a n  i s  u s e d  f o r  LO2 t o p - o f f .  
z a t i o n  must  b e  done r e m o t e l y  s o  t h a t  p e r s o n n e l  are  n o t  exposed  
as  p r e s s u r e s  i n  t h e  s u p e r c r i t i c a l  v e s s e l s  r i s e  above 2 5 %  d e s i g n  
b u r s t .  A f ive-minu . te  s t a b i l i z a t i o n  p e r i o d  i s  r e q u i r e d  when t h e  
v e s s e l s  have  r e a c h e d  o p e r a t i n g  p r e s s u r e s  ( a u t o m a t i c a l l y  s w i t c h i n g  
t h e  a l r e a d y  o p e r a t i n g  f u e l  c e l l s  f rom e x t e r n a l l y  s u p p l i e d  r e a c t a n t s  
t o  i n t e r n a l  s t o r e s ) .  P e r s o n n e l  may t h e n  r e t u r n  t o  c o m p l e t e  t h e  

A d i f f e r e n t  crew 
P r e s s u r i -  
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c r y 0  b r i d g e  b r e a k u p  s o  t h a t  t h e  MSS p l a t f o r m  can  b e  r e t r a c t e d .  

P e r f o r m i n g  L H 2  and  L O 2  t o p - o f f  c o n c u r r e n t l y  would n o t  
o n l y  h a z a r d  two crews  a t  once  b u t  would i n c r e a s e  t h e  o v e r a l l  
h a z a r d  b e c a u s e  o f  t h e  p r o x i m i t y  o f  s e r v i c i n g  p o r t s  f o r  t h e  two 
r e a c t a n t s .  

A h a z a r d  o f  some d e g r e e  from s p i l l e d  c r y o g e n s  a t  t h e  
SM l e v e l s  would a l s o  , - . x i s t  f o r  p e r s o n n e l  working  i n  t h e  S L A  a r ea  
i f  s u c h  e x p o s u r e  were n o t  a l r e a d y  p r o h i b i t e d  b y  t h e  g e n e r a l  ex-  
p l o s i v e  h a z a r d s  a s s o c i a t e d  w i t h  t h e s e  f l u i d s .  I t  i s  c l e a r  t h a t  
any a p p r e c i a b l e  r e d u c t i o n  i n  t o t a l  t u r n a r o u n d  t i m e  d u r i n p  c ryo -  
g e n i c s  top-of ' f  w i l l  i n v o l v e  a compromise w i t h  t h e  c o n c e r n  for 
s a f e t y .  

e .  P o t e n t i a l  S h o r t c u t s  and Rela ted  Costs 

Remote c o n t r o l  o f  c ryogen  t o p - o f f  f l o w  from o u t s i d e  
t h e  pad  area would a l l o w  a s a v i n g s  o f  t h e  h o u r  f o r  chang ing  
s e r v i c i n g  c r e w s .  

S e r v i c i n g  LH2 and LO2 c o n c u r r e n t l y  b y  one crew-- o r  
two--would s a v e  up t o  t h r e e  and a h a l f  h o u r s  i f  o t h e r  p e r s o n n e l  
were e v a c u a t e d  c o n c u r r e n t l y  w i t h  t h e  FDS p u r g e ,  e t c . ,  o p e r a t i o n  
i m m e d i a t e l y  p r e c e d i n g .  

A s  men t ioned  above ,  t h e  l a s t  two o f  t h e s e  p o s s i b i l i t i e s  
i n v o l v e  some compromise w i t h  s a f e t y .  Hydrogen v a p o r  i n  p a r t i c u l a r  
h a s  a c h i e v e d  a r e p u t a t i o n  f o r  i t s  p r o p e n s i t y  to t u r n  r a p i d l y  i n t o  
a h i g h  e n e r g y  b a l l  o f  r a t h e r  c o l o r l e s s  f lame.  

A f i n a l  a l t e r n a t i v e ,  which would g r e a t l y  enhance  t h e  
c a p a b i l i t y  t o  r e c y c l e  w i t h i n  44 h o u r s ,  i n v o l v e s  e x t e n s i v e  r e -  
d e s i g n  i n  t h e  SM and  GSE t o  p e r m i t  r emote  c ryogen  s e r v i c i n g  
f rom t h e  ML. F i g u r e  5 shows t h e  r e l a t i v e  p o s i t i o n  of t h e  SM 
f u e l  c e l l s / c r y o  t a n k s  and S A  # 8 .  It  c a n  b e  s e e n  t h a t  r e d e s i g n  
f o r  remote  s e r v i c i n g  would c o n s i s t  o f  e i t h e r  some d e v i c e  t o  
r e a c h  c o m p l e t e l y  a round  t h e  SM or t h e  i n s t a l l a t i o n  o f  i n t e r n a l  
SM plumbing  from t h e  t a n k s  t o  t h e  swing  arm a rea .  E i t h e r  of  
t h e s e  a p p r o a c h e s  c a n  b e  r u l e d  o u t  on t h e  b a s i s  o f  c o s t ,  lead 
t i m e  f o r  i m p l e m e n t a t i o n  and t h e  s i g n i f i c a n t  i n c r e a s e  i n  i n e r t  
weight  o f  t h e  S e r v i c e  Module t h e y  would l i k e l y  e n t a i l .  I t  i s  
a l s o  q u e s t i o n a b l e  w h e t h e r  t h e  s e r v i c i n g  equipment  c o u l d  s t a n d  
t h e  l o n g  l i n e s  n e c e s s a r y  t o  cross t h e  u m b i l i c a l  arm and w h e t h e r  
t h e r e  i s  s p a c e  on t h e  ML t o  l o c a t e  t h e  u n i t s .  
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APS BLADDER BLEED 

The o x i d i z e r  and  f u e l  c o n t a i n e r s  o f  t h e  S-IVB/APS 
a re  b l a d d e r  t a n k s ,  t h e  same as t h o s e  u s e d  f o r  t h e  LM/RCS 
o x i d i z e r .  The b l a d d e r s  have been n o t e d  t o  d e v e l o p  b u b b l e s  
i n s i d e  f o l l o w i n g  p r o p e l l a n t  l o a d i n g .  These b u b b l e s  a re  
p r e s e n t l y  r e g a r d e d  as h a v i n g  two s o u r c e s .  The f i r s t  i s  
a s s o c i a t e d  w i t h  t h e  r e l e a s e  o f  gases r e t a i n e d  i n  s o l u t i o n  
u n d e r  u l l a g e  c o n d i t i o n s  a t  t h e  s e r v i c e r .  The second i s  
a s s o c i a t e d  w i t h  a s l i g h t  b u t  s i g n i f i c a n t  and d e m o n s t r a t e d  
p e r m e a b i l i t y  o f  t h e  b l a d d e r  t o  t h e  exchange o f  p r e s s u r a n t  
( h e l i u m )  and p r o p e l l a n t  v a p o r .  The p r e s s u r a n t  i s  viewed as 
e n t e r i n g  d i r e c t l y  i n t o  s o l u t i o n  a f t e r  p a s s i n g  t h r o u g h  t h e  
b l a d d e r  u n t i l  a n  e q u i l i b r i u m  i s  r e a c h e d .  The mechanism by 
which d i s s o l v e d  gases come o u t  o f  s o l u t i o n  t o  form a " s e n s i b l e "  
b u b b l e  i s  a s s o c i a t e d  w i t h  p r e s s u r e - t e m p e r a t u r e  f l u c t u a t i o n s .  
A t  h i g h  p r e s s u r e s ,  t h e  c o n c e n t r a t i o n  o f  gases i n  t h e  p r o p e l l a n t  
c a n  be  h i g h e r .  A d r o p  i n  p r e s s u r e  would r e s u l t  i n  t h i s  g a s  
coming o u t  o f  s o l u t i o n .  

I n  l i g h t  o f  t h i s  s i t u a t i o n ,  MSFC has e s t a b l i s h e d  
a p o l i c y  f o r  b l a d d e r  b l e e d  o p e r a t i o n s  i n  t h e  l a u n c h  a rea .  
These a r e  summarized as f o l l o w s :  

1. 

2 .  

3. 

F o l l o w i n g  h y p e r g o l i c  l o a d i n g ,  a l l  e n g i n e s  o f  t h e  
APS a re  t e s t  f i r e d .  P r i o r  t o  t h i s  f i r i n g ,  t h e  
o x i d i z e r  b l adde r s  a r e  t o  b e  b l e d  u n t i l  no more 
b u b b l e s  a re  i n  e v i d e n c e .  

S i n c e  t h e r e  are  a number o f  t e m p e r a t u r e  c y c l e s  
u n d e r  low u l l a g e  p r e s s u r e  c o n d i t i o n s  ( 5 0  p s i )  
be tween t h e  t e s t  f i r i n g  and l a u n c h ,  a n  addi -  
t i o n a l  b l a d d e r  bleed on b o t h  p r o p e l l a n t s  (4 t a n k s )  
i s  t o  be conduc ted  a t  a b o u t  T-32 h o u r s  i n  t h e  
countdown. The o p e r a t i o n  takes  a b o u t  1 - 1 / 2  h o u r s .  

A t  T-35 m i n u t e s  i n  t h e  countdown, t h e  he l ium 
i s o l a t i o n  v a l v e  i s  opened and  o p e r a t i n g  p r e s s u r e  
i s  a p p l i e d  t o  t h e  u l l a g e  s i d e  o f  t h e  p r o p e l l a n t  
t a n k s .  If t h e  l a u n c h  i s  s c r u b b e d  b e f o r e  t h i s  
e v e n t  and  APS e n v i r o n m e n t a l  c o n t r o l  i s  m a i n t a i n e d  
d u r i n g  r e c y c l e  o p e r a t i o n s ,  no  b u b b l e  v e n t i n g  i s  
r e q u i r e d  f o r  l a u n c h  w i t h i n  f i v e  d a y s  o f  t h e  l a s t  
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bubb le  v e n t  o p e r a t i o n .  However, i f  o p e r a t i n g  
p r e s s u r e  i s  a p p l i e d  and t h e  s y s t e m  i s  v e n t e d  
back t o  a h o l d i n g  p r e s s u r e ,  a b u b b l e  b l e e d  i s  
r e q u i r e d .  On the  o t h e r  hand ,  i f  t h e  o p e r a t i n g  
p r e s s u r e  i s  m a i n t a i n e d  t h r o u g h  t h e  r e c y c l e ,  
t h e  f i v e - d a y  r u l e  a p p l i e s .  

A d e l a y  i n  l a u n c h  of 48 or 7 2  h o u r s  beyond t h e  i n i t i a l  
window would n o t  push  t h e  a l l o w a b l e  ho ld -wi thou t -b l eed  t i m e  o f  
f i v e  d a y s .  Ho ld ing  t h ?  AFS s y s t e m  a t  o p e r a t i n g  p r e s s u r e  i s  
p e r m i s s i b l e  e v e n  though  p e r s o n n e l  a c c e s s  t o  t h e  v i c i n i t y  may 
b e  r e q u i r e d ,  once  t h e  p r e s s u r e  h a s  s t a b i l i z e d  and i f  t h e r e  i s  
no e v i d e n c e  o f  l e a k a g e .  Envi ronmenta l  c o r ? t r o l  m u s t  be main- 
t a i n e d  w i t h o u t  t h e  t u r n a r o u n d  sequence .  

Helium p r e s s u r i z a t i o n  i n  t h e  f i n a l  hour  o f  countdown 
i s  c o n t r o l l e d  r e m o t e l y  and accompl ished  from ML 6 0 0 0  p s i  
s u p p l i e s .  It  b r i n g s  t h e  APS hel ium t a n k s  t o  3200 p s i .  S i n c e  
t h i s  i s  i n  e x c e s s  o f  50% d e s i g n  b u r s t  ( a b o u t  5252), t h e  con- 
d i t i o n  i s  c l a s s e d  as  a m a j o r  h a z a r d .  KSC S a f e t y  s t a n d a r d s  do 
n o t  r i g i d l y  e x c l u d e  a c c e s s  a f t e r  t h e s e  c o n d i t i o n s  have  
s t a b i l i z e d  b u t  t h e y  do  s e v e r e l y  l i m i t  i t .  These v e s s e l s  can  
be v e n t e d  back t o  a 1 5 0 0  p s i  h o l d i n g  p r e s s u r e  w i t h o u t  e f f e c t i n g  
p r e s s u r e s  i n  t h e  p r o p e l l a n t  t a n k s .  T h i s  v e n t i n g  o p e r a t i o n  ( b y  
r emote  c o n t r o l )  would t a k e  about  30  m i n u t e s .  

Launch d e l a y s  g r e a t e r  t h a n  f o u r  d a y s  (or two suc -  
c e s s i v e  s c r u b s  a d d i n g  up t o  t h i s  much t i m e )  r e q u i r e s  t h e  bubb le  
v e n t i n g  o p e r a t i o n  t o  be r e p e r f o r m e d . *  

O p e r a t i o n s  and  Sequence  C o n s t r a i n t s  

The APS bladder  b l eed  o p e r a t i o n  i s  a manual o p e r a t i o n .  
The GSE i n v o l v e d  i s  a hand-ca r t  t r a n s p o r t e d  a s s e m b l y ,  one e a c h  
f o r  o x i d i z e r  and  f u e l .  The c a r t s  a r e  n o r m a l l y  s t o r e d  on MSS 
p l a t f o r m  # 2 .  The o p e r a t i o n  i t s e l f  r e q u i r e s  a b o u t  6 p e r s o n s  on 
p l a t f o r m  # 2 ;  o t h e r s  must e v a c u a t e  t h e  a rea .  P r e p a r a t i o n s  and l a t e r  
b reakup  o f  t h e  GSE are n o t  c o n s t r a i n i n g  on o t h e r  o p e r a t i o n s  
b e i n g  c o n d u c t e d ,  b u t  t h e  a c t u a l  b l e e d  o p e r a t i o n  r e q u i r e s  t h e  
l o c a l  area t o  be c l e a r e d  of un invo lved  p e r s o n n e l  s o  t h a t  a b o u t  
t h r e e  h o u r s  o f  s e r i a l  t i m e  must be  d e v o t e d  t o  i t .  

*A p r e v i o u s  r e q u i r e m e n t  t o  p u r g e  t h e  he l ium o f  t h e  b l a d d e r  
to remove p r o p e l l a n t  v a p o r s  has  n o t  been  d e l e t e d .  Vapor mix ing  
u p s t r e a m  o f  t h e  he l ium check  v a l v e s  i s  now e x c l u d e d  as a s i g n i f i c a n t  
c o n c e r n .  
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PIQURE 5 - VIEW OF CM/SM FROM ABOVE SHOWING RELATIVE POSIT ION OF THE 
SM FUEL CELLS AND CRYO TANKS I N  RELATION TO SA rY8 
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